INTRODUCTION
The verification for the structural safety of frames exposed to fire heating was carried out by the estimating method for ultimate-temperature of partial frames in the present fire resistant design.
[1] The thought of the fire resistance design that the ultimate state of a partial frame, a column or beam was regarded as the design limit was based on the estimation that the ultimate temperature of the partial frame obtained by disregarding the stress redistribution of the overall frame and thermal stress, showed the lowest limit of the ultimate temperature of a real frame. However, it was presumed to be not clear what the margin the design limit had against the collapse of the whole frame because the relation between the collapses of a member, the partial frame, and the overall frame was not sufficiently taken into consideration. In this research, focusing on the effect of the stress redistribution on the ultimate temperatures of the overall frame that seismic design was carried out, the relation between the collapse of the overall frame and the total buckling of heated columns was considered by analysis results.
THERMAL RESPONSE ANALYSIS AND TARGET OF THE ANALYSIS
The design method of the frame for a thermal response analysis and the analysis method were based on those in literature [3] . The parameters of the frames for the analysis were the span length and C b as shown in Table 1 . The number of the spans of the frame was tree. The frames had the span length with 18m (frame A: 6, 6, 6m) or 34m (frame B: 14, 6, 14m) , and the number of floors was 12 (the story height was 4m.). Two kind of C b were set, one was one half the value in the second class soil, and the other was twice the value. The load on floor of the frames was a weight of 7.84 kN/m 2 . 
ANALYSIS RESULTS AND CONSIDERATION
The ultimate temperature (buckling temperature) of a partial frame governed by the buckling of a column at high temperature was predicted by tangent-modulus theory.
The axial force of the column in the prediction of the buckling-temperature was the compressive force (permanent axial force) that always acted on the column at normal temperature. However, it was presumed that the column in the frame was also under the influence of thermal stress when the buckling happened at high temperature, and the ultimate temperature might decrease because the column extended by heating was restrained by the surrounding frame. On the other hand, the frame that added the thermal stress on the column before buckling lifted the heated column after buckling.
As a result, the axial force on the column might redistribute to the surrounding sound columns. When such stress redistribution could be expected by the surrounding frame, it was presumed that the ultimate temperature of the frame exceeded the buckling temperature of the column. Namely, the surrounding frame had the two actions at high temperature. One was the action that restrained the column before buckling and increased compressive force. The other was that lifted it after buckling and redistributed its stress to the surrounding frame. The importance of the buckling temperature got clear in the fire-resistance design by considering the influence of the 2 actions on the ultimate temperature.
The relation between the buckling temperature and the ultimate temperature was discussed below, considering the series of fire response analysis results from the point of view above mentioned. Figure 1 and Figure 2 showed the theoretical buckling temperature of the interior column in each floor, the buckling temperature of it obtained from the analysis, and the ultimate temperature of the frame in inner span fire. And, Figure 3 and Figure 4 showed the theoretical buckling temperature of the interior column and perimeter column of each floor, the buckling temperature of them obtained from the analysis, and the ultimate temperature of the frame in outer span fire. First of all, the analysis results in the inner span fire were considered. Both the influences of the thermal stress and the stress redistribution acted on the buckling temperatures, and they were observed in Figure 1 and 2 clearly. The buckling deformation began to appear at lower temperature than the theoretical buckling temperature because of the influence of the thermal stress, and the compressive strength of the column decreased with growth of the buckling deformation. However, the surrounding frame lifted this column, and a part of the vertical force was redistributed to the surrounding sound columns. That was reason why the frames did not collapse immediately by the buckling and they bore at higher temperature. The figures showed that the ultimate temperature significantly exceeded the theoretical buckling temperature by this stress redistribution of the surrounding members. Probably, this effect was brought about by the seismic design applied to the frames, and that is why such the effect of stress redistribution was found and the collapse temperature of the framework became higher than the theoretical buckling temperature. However, such effect did not apply to all kinds of steel structures. As shown in Figures 1-i) and Figure 2 -i), when C b was small and the span was long, the margin of the ultimate temperature related to the theoretical buckling temperature decreased, but the temperature never became lower than the theoretical buckling temperature, except on the higher floors.
Next, the analysis results in the outer span fire were considered. In Figure 3 and the figure) , the buckling temperature of each column became lower than the theoretical buckling temperature. Similar to the case of the buckling temperature in the inner span, when C b was larger and the span length to the compartment was shorter, the influence of the thermal stress was stronger and caused the decrease of temperature in the buckling. After the interior columns buckled due to an increased load, buckling began to appear in the outer columns. In any frames, the buckling temperature of the exterior column (▲ in the figure) became almost the same or lower than the theoretical buckling temperature (solid line in figure) . The buckling temperature of the exterior column became lower than the theoretical buckling temperature because the load borne by the interior columns was redistributed to the exterior columns upon buckling of the interior columns, not because the thermal expansion of the exterior columns was constrained by the neighboring frames.
The stress redistribution capacity of the frame determined whether the frame collapsed immediately after buckling in the exterior columns. And, the collapse temperature of the frame felt significantly below even the theoretical buckling temperature of the exterior columns in the frame of 12F-A- (Figure 3 .i)) with C b =0.083.
On the other hand, for 12F-A- (Figure 3 .ii)) and 12F-B- (Figure 4 .ii)) with C b =0.33, the ultimate temperature of the frame exceeded the theoretical buckling temperature of the outer columns, except on the higher floors. In these frames, the strength of the frame was stronger such that the stress redistribution capacity was higher, and also the load to be redistributed to the outer columns was less than in the previously mentioned frames.
The shift of a frame's behavior in of the outer span fire was complicated because there were several variations. However, in the case of interior columns, it is presumed that the action of stress redistribution of the frame acted effectively towards the increase of the ultimate temperature after buckling of the interior columns.
Thermal stress was eliminated by extracting a frame unit from the overall frame so that the ultimate temperature of the frame unit was controlled by the buckling of the columns and logically became equal to the theoretical buckling temperature of the columns. Therefore, this methodology could not evaluate the influence of thermal stress and the effect of stress redistribution for the columns in the actual frame. However, by further reviewing in detail the behavior of the frame exposed to fire, it was realized that the ultimate temperature not only exceeded the buckling temperature of the column, but also significantly exceeded the theoretical buckling temperature if seismic resistant design were applied to the framework. As stated above, it was confirmed that the theoretical buckling temperature of columns in current fire resistance design code could be applied as a safety index to evaluate the ultimate temperature of a frame.
